Introduction
In the past 20 years physical activity has established a precise role as a non-pharmacological therapeutic activity in coronary heart disease (CHD) patients [1] . There are numerous observations which show that correct physical training, adapted according to the time and severity of the disease, can improve exercise tolerance and the metabolic profile of patients. Physical exercise influences altered lipid and glycolic metabolism in CHD patients by improving sympathetic-vagal asset, ischaemic threshold, limiting post-myocardial infarction (MI) ventricular remodelling and limiting atherosclerotic progression and it therefore not only plays an important role in secondary prevention but can also improve the patients' quality of life ( Fig. 1) [2, 3] .
For many years sedentary lifestyle was considered a cultural attitude for affluent individuals but now this model must be changed. Sports and physical activities in the middle-age to advanced age groups are becoming a social phenomenon and even the national health care plan (1998/2000) and many regional heath care plans are promoting changes in lifestyle habits to include regular physical activity in order to decrease morbidity and mortality. The new attitude to physical activity is gradually becoming, in a real sense of the word, a sports activity with an evolution of the concept of sports therapy.
'Training' effect: rational concepts in the coronary artery disease patient
The physiological mechanisms underlying the positive effects of training on the cardiovascular system in CHD patients show some important differences in comparison with normal individuals or athletes (Fig. 2) [1, 4] .
First of all, intraventricular pressure regimens and therefore an increase in wall stress can be present in resting conditions. The sympathetic tone during physical activity can become a real trigger for arrhythmologic events. Cardiovascular responses due to physical exercise in CHD patients are necessary for the development of adaptive measures in order to achieve a greater economy of muscular force, which represents one of the most important objectives of training [5] . It is extremely important to attain this economy because it increases the ischaemic threshold and therefore increases the duration and quantity of work done; a phenomenon which in turn translates into an increase in autonomic functional capacity in everyday life. The effects of training can be central and peripheral. In the normal subject the main effects of training on the heart (central effects) are a reduction of the sympathetic tone and an increase in myocardial mass and end diastolic ventricular volume [1, 4] . There are similar changes in the autonomic nervous system in the CHD patients as a decrease in heart rate at rest and during sub-maximal exercise contributes in a 1558-2027 ß 2006 Italian Federation of Cardiology significant manner to a reduction in cardiac work load because heart rate and blood pressure are two of the key elements in myocardial oxygen consumption. There is insufficient documented evidence regarding morphological cardiac adaptation to training in subjects with CHD. One hypothesis is that there should be a modest training activity in CHD patients in order to minimize risk. A possible favourable effect of training on ischaemic hearts is the presence of coronary collateral vessels, which are adaptive measures shown in experimental animals but also hypothesized in vivo according to evidence obtained using electrocardiographic and scintigraphic methods.
It is the general opinion that an increase in work capacity in CHD patients is due to peripheral adaptations such as: (1) an increase in the number of capillaries and the capillary-muscular skeletal fibre ratio, responsible for a greater decrease in peripheral resistances during exercise; (2) an increase in biochemical and metabolic functions of the muscular fibres by an increase in oxidizing enzymes and myoglobin (Fig. 3) ; and an improvement in endothelial function [6] .
Physical and sports activity approach in coronary heart disease patients: population selection CHD patients who undergo acute [percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG)] or elective revascularization can gain benefit from a planned and individualized physical training programme. On the other hand the same post-procedural or post-surgical rehabilitation activities are characterized by early mobilization and the start of physical activity that the patient must perform for his entire life [7, 8] . In this context even true sports activity and sometimes competitive activity may be considered in selected patients as a continuation of their physical activity and as a response to a social phenomenon that is becoming popular especially in the middle and advanced-age groups.
The feasibility of CHD patients practising advanced physical and sports activities depends on two factors [9] : cardio-circulatory conditions, and sports characteristics.
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Muscular General
Muscular and biochemical modifications after training in CHD patients. OGTT, oral glucose tolerance test; TG, triglycerides; HDL, high-density lipoprotein; LDL, low density lipoprotein; VLDL, very-low-density lipoprotein; BMI, body mass index. 
Presence of 'vulnerable' areas
Effects of physical activity on ischemic myocardium. LVEDP, left ventricular end diastolic pressure. [1, 4] .
Due to the many forms of CHD it is known that not all CHD patients can safely perform physical or sports activity. It is important that a modern cardiologist knows the physiological characteristics of the physical activities and the psychopathological mechanisms that can limit physical capacity in CHD individuals. One must also consider left ventricular reduced contractile capacity and fixed obstacles of the coronary tree as limiting factors (by a decrease in perfusion pressure) on the increase in work capacity of the ischaemic heart. Furthermore inducible ischaemia by provocative tests [10] , left ventricular contractile function, presence of arrhythmic events, aerobic capacity of the subject and morphological data of the coronary anatomy are all important indicators that have permitted American and Italian cardiologists to update in recent years [Bethesda 2005 and Comitato Organizzativo Cardiologico per l'idoneità allo Sport (COCIS) 2003] the clinical, instrumental and functional requirements for CHD patients at moderate risk to perform sports activities (Table 1) [11] [12] [13] .
Ischaemic heart disease is a candidate for advanced sports activity programmes with exercises that are safe in stable patients; even patients with chronic stable heart failure, without arrhythmias can benefit from physical activities [14] . In order to begin advanced physical activities patients who underwent percutaneous or surgical revascularization must be asymptomatic, stable and with a preserved left ventricular systolic function.
Even the Italian sports cardiologists in the COCIS protocols have authorized CHD patients at moderate risk to practise minimal-to-moderate cardiovascular work characterized by constant pump activity, sub-maximal heart rates and peripheral resistance decrease. These are non-competitive sports activities classified in group A: cycling, golf, jogging, swimming, skiing, skating, trekking. The concept of sports activity includes noncompetitive tournaments organized by specific sports committees in order to 'recuperate' CHD patients who would previously have been excluded from most sports events. Comparing the American (Bethesda) with the Italian (COCIS) protocols (Table 2 ) one may notice a more advanced attitude in the Italian sports cardiologists.
An adequate knowledge of sports exercise physiology and pathophysiological changes, evaluated by cardiologists and physiologists, permits us to prolong the 'chain' of physical activity known as the sequence of events that start from rehabilitation programs (1-2-3 phase) up to non-competitive sports activities (and competitive events in certain subgroups) ( Table 2 ).
Sports activity choice and training characteristics
In considering CHD patients one must understand the meaning of the term sports activity. It should be recreational and therapeutic, never agonistic. The CHD patient should perform sufficient physical work to obtain adaptive phenomenon in order to improve his quality of life with the least possible risk. It is evident that the criteria upon which the choice of sports and physical activity is based depend on the preliminary clinical and instrumental analysis. The quality of the activities must respect the following: mode -in the sense that the work load can change in intensity in a progressive matter; measure -the work load can be measured if possible, in the simplest way; and technical component -athletic activity that does not require difficult performance.
From this point of view the ideal physical and sports activities should be those with resistance such as walking, jogging, cycling, skiing, etc. They have certain characteristics that are generally preferable to those of explosive force and power. Traditionally muscular exercise erroneously named 'isometric' is thought to be dangerous because of a greater increase of the double product (and myocardial oxygen consumption) due to work load against resistance. In recent years, however, rehabilitation experience has shown the safety and efficacy of training with machinery and weights, which has permitted its introduction to training programmes, of exercises with force potential that involve the use of the upper extremities with work loads near 40-50% of the maximal voluntary contraction (isotonic-isometric exercise) in the absence of Valsalva manoeuvre ('circuit weight training').
The rationale to integrate isotonic aerobic exercise, which will always remain the baseline activity for the linear ratio between myocardial oxygen consumption and stroke volume, with exercises that have a predominant muscular component derives from the fact that most human activities are characterized by static and dynamic muscular work. The prescription of a training programme in CHD patients must consider three factors: (1) intensity -the entity of energetic dispersion during training; (2) duration of the sessions; and (3) frequency of the activity (at least three training sessions per week).
Individuals that practise advanced motor or sports activities must undergo working sessions with short but intense work loads (interval training) or less intense but continuous work loads (endurance training).
It is well known that in order to obtain an improvement in cardiovascular adaptation toward stress and work capacity, sports physical exercise intensity should correspond to 60-75% of the maximal aerobic capacity (VO 2 max determined by initial cardiorespiratory functional evaluation) that corresponds to a heart rate of between 70-85% of the maximal heart rate during exercise. One must remember that for work loads that are greater than 80% of the maximal aerobic capacity the risk of complications surpasses the benefits. Table 3 shows some examples of sports activity programmes for selected coronary artery disease (CAD) patients.
Gymnasium activities in CAD patients
As already seen, even in the cardiac rehabilitation field isotonic-isokinetic (force/resistance) work can be done in a gymnasium. Improvement of force and muscular tone enhances the articular functions and posture of the individual and leads to an improved attitude to health, and also to both working and social life [15] . Therefore training 'programmes' in CHD patients must include both cardiorespiratory and muscle fitness [16] and must overcome the concept of 'contraindication' for gymnasium activity in CHD patients, as is only true for bodybuilding and other power activities. The fundamental requirements for these individuals are characterized by non-elevated muscular work loads [< 40-50% of the maximal voluntary contraction (MVC)] with an increase in heart rate of less than 70% of the maximal theoretical heart rate and maximal O 2 consumption between 60 and 70% of the theoretical value (Fig. 4) .
The methodology used during muscular force training in CHD patients in gymnasium sessions should not develop hypertrophy and fast forces but instead use force/resistance with short and low-intensity duration exercises repeated a number of times (> 10-12) with prolonged phases of recovery (1 min 30 s to 2 min 30 s) in order to obtain a small increase in peripheral resistance. These exercises can be performed with isokinetic machinery. With this type of methodology energetic factors are improved (fatty acid oxidation) instead of the development of force. Gymnasium activity in CHD patients is obviously targeted towards the activity the patient routinely practises.
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Competitive sports activity in coronary artery disease patients
The progressive evolution of the concept of sports activity in CHD patients has led us to consider this problem even for competitive activities in certain patients. The majority of cases are young and trained individuals who desire to continue their sports activity even in a competitive fashion. For example, cyclists and joggers need an eligibility certificate to participate in amateur events. In order to participate in competitive events CHD patients must be considered at low risk, with parameters such as: ejection fraction > 50%; normal exercise tolerance according to age; absence of inducible ischaemia; absence of complex ventricular arrhythmias at rest or during exercise; and absence of coronary stenosis < 50% in any main coronary vessel.
Subjects at low risk can participate in sports activities with low-to-moderate cardiovascular work in group B2 according to the COCIS protocol (bocce, bowling, golf, fishing). It is necessary, however, to undergo routine clinical, instrumental follow-up to evaluate the risk profile because CHD progression is variable. The last update of the Italian protocols COCIS (2003) dealt with the problem of patients with good PCI revascularization outcome by stating that patients with isolated coronary stenosis who had been treated successfully could engage in competitive sports events only after a year had elapsed since the procedure (naturally the patient had to be asymptomatic, with a normal ejection fraction and, if possible, after a prolonged rehabilitation programme). If clinical and instrumental conditions were favourable, young individuals could practise sports events with medium-to-high cardio-circulatory work in group D (soccer, volleyball, basketball, tennis), with individual evaluation to assess global risk, the optimal control of risk factors, and semester follow-ups [11] .
Conclusions
The preceding paragraphs have described an evolution in the concept of sports therapy in the sense of a more accessible approach and the possibility of participation in sports activities for patients with CHD. The Bethesda Conference and the last COCIS protocol confirm the tendency of initiating and continuing physical activity and, in some cases, competitive sports events in patients who underwent PCI or surgical revascularization. Physical activities, especially the peripheral ones, are beneficial for CHD patients not only in terms of physical adaptation but also by providing an improvement in their quality of life. This combines a fitness performance with a feeling of wellbeing. In other words, the traditional prohibitive attitudes regarding physical and sports activities have been overcome with regard to CHD patients and this makes it possible to guide these patients towards attitudes similar to those of the normal population (competitive sports activity rather than gymnasium activity). Therefore the cardiologist must have complete knowledge of this problem in order to standardize patient selection and to provide better training methodology.
